We conducted a genome-wide association study for type 2 diabetes (T2D) in Icelandic cases and controls, and we found that a previously described variant in the transcription factor 7-like 2 gene (TCF7L2) gene conferred the most significant risk. In addition to confirming two recently identified risk variants 1 , we identified a variant in the CDKAL1 gene that was associated with T2D in individuals of European ancestry (allele-specific odds ratio (OR) = 1.20 (95% confidence interval, 1.13-1.27), P = 7.7 × 10 −9 ) and individuals from Hong Kong of Han Chinese ancestry (OR = 1.25 (1.11-1.40), P = 0.00018). The genotype OR of this variant suggested that the effect was substantially stronger in homozygous carriers than in heterozygous carriers. The ORs for homozygotes were 1.50 (1.31-1.72) and 1.55 (1.23-1.95) in the European and Hong Kong groups, respectively. The insulin response for homozygotes was approximately 20% lower than for heterozygotes or noncarriers, suggesting that this variant confers risk of T2D through reduced insulin secretion.
We conducted a genome-wide association study for type 2 diabetes (T2D) in Icelandic cases and controls, and we found that a previously described variant in the transcription factor 7-like 2 gene (TCF7L2) gene conferred the most significant risk. In addition to confirming two recently identified risk variants 1 , we identified a variant in the CDKAL1 gene that was associated with T2D in individuals of European ancestry (allele-specific odds ratio (OR) = 1.20 (95% confidence interval, 1.13-1.27), P = 7.7 × 10 −9 ) and individuals from Hong Kong of Han Chinese ancestry (OR = 1.25 (1.11-1.40), P = 0.00018). The genotype OR of this variant suggested that the effect was substantially stronger in homozygous carriers than in heterozygous carriers. The ORs for homozygotes were 1.50 (1.31-1.72) and 1.55 (1.23-1.95) in the European and Hong Kong groups, respectively. The insulin response for homozygotes was approximately 20% lower than for heterozygotes or noncarriers, suggesting that this variant confers risk of T2D through reduced insulin secretion.
We recently described a variant in TCF7L2 associated with T2D 2, 3 . To look for additional genetic variants that increase the risk of developing T2D, we performed a genome-wide association study on Icelandic individuals with T2D using the Illumina HumanHap300 chip. We tested 313,179 SNPs individually for association with T2D in a sample of 1,399 individuals with T2D and 5,275 controls. We tested an additional 339,846 two-marker haplotypes identified as efficient surrogates (r 2 r 2 r > 0.8) for a set of SNPs that were not included on the Hap300 chip but that were typed in the HapMap project 4 . In addition to analyzing the entire group of individuals with T2D, separately we tested 700 non-obese individuals with T2D and 531 obese individuals with T2D for association. Overall, we performed a total of 1,959,075 (653,025 variants × 3 phenotypes) tests. The results were adjusted for relatedness between individuals and potential population stratification by genomic control 5 (see Methods). A previously identified SNP, rs7903146, in TCF7L2 gave the most significant results, with OR = 1.38 and P = 1.82 × 10 −10 in all individuals with T2D. Although no other SNP or haplotype was significant after adjustment for the number of tests performed, we observed more borderlinesignificant signals than expected by chance alone (Supplementary Fig. 1  online) . A comprehensive follow-up strategy would require genotyping a large number of SNPs 6 , so we decided to pursue the top signals quickly in a fast-tracking effort.
For each phenotype tested, we selected all single SNPs and two-marker haplotypes with P < 0.00005 for replication in a case-control sample from Denmark (Denmark B). After eliminating redundant markers, we selected a total of 46 SNPs for replication (Supplementary Table 1 online). In addition, we included the five most significant nonsynonymous SNPs present on the Illumina Hap300 chip. Of these 51 SNPs, we successfully genotyped 47 in 1,110 Danish T2D cases and 2,272 controls. In the Danish group of all individuals with T2D, SNPs rs7756992 and rs13266634 stood out and were significantly replicated (P = 0.00013 and OR = 1.24 and P = 0.0012 and OR = 1.20, respectively; Supplementary Table 2 online), compared with P = 0.00021 and OR = 1.23 and P = 0.000061 and OR = 1.19, respectively, in the initial Icelandic study. All of the other SNPs genotyped had P > 0.01 in the Danish group, and we chose not to pursue them further. The first SNP, rs7756992, is located in intron 5 of the CDK5 regulatory subunit associated protein 1-like 1 (CDKAL1) gene on 6p22.3. It resides in a large LD block of 201.7 kb that includes exons 1-5 of the CDKAL1 gene and the minimal promoter region but no other known genes (Fig. 1) . The second SNP, rs13266634, is a nonsynonymous SNP causing an arginine to tryptophan change at position 325 in the last exon of the solute carrier family 30 (zinc transporter), member 8 (SLC30A8) gene on 8q24. SLC30A8 is specific to the pancreas and is expressed in beta cells, where it facilitates accumulation of zinc from the cytoplasm into intracellular vesicles 7 . The risk allele of rs13266634 on 8q24 has recently been found to confer risk of T2D in a genome-wide association study of French individuals with T2D and controls 1 . Of other significantly associated SNPs in that study, we also replicated, in the initial Icelandic samples, association with two SNPs close to the HHEX gene ( HHEX gene ( HHEX Supplementary Table 3 online). However, in our samples, we did not replicate with significance the reported associations to markers in the LOC387761 and EXT2 genes also described in that study.
We typed rs7756992 and rs13266634 in three other T2D case-control groups of European ancestry from Denmark (Denmark A), the Netherlands and Philadelphia as well as in case-control groups from Hong Kong and West Africa. Furthermore, we expanded the size of the Denmark B study group mostly by increasing the number of genotyped controls. The association of the G allele of rs7756992 was replicated with significance in the Hong Kong case-control group (OR = 1.25; P = 0.00018; Table 1 ). Association in other study groups was not individually significant, but all were in the same direction. Because some of the replication groups are not very large individually, the study should be considered as a whole in order to meaningfully interpret the results. Specifically, the observed association from combining all five casecontrol groups of European ancestry gave an OR of 1.20 with a corresponding P value of 7.7 × 10 P value of 7.7 × 10 P −9 ( Table 1 ). Given that approximately 2 million tests were performed in the initial genome scan, this association remained significant with Bonferroni adjustment 6 . Moreover, the Chinese data provided further support for the association. Even when combined with the West African data, which did not show a significant effect, it yielded a P value of 0.0050. Attempts at refining the association P value of 0.0050. Attempts at refining the association P observed with rs7756992 by genotyping additional markers that correlate with the original signal in the HapMap CEPH (CEU) data set did not yield more significant results (Supplementary Table 4 online). As we expected, the observed linkage disequilibrium was considerably lower for the West African population than for the Icelandic and Hong Kong groups (Supplementary Table 4) . Further work is needed to determine if an associated variant with a higher OR than observed for rs7756992 can be identified in the West African group. In total, we genotyped 61 SNPs (of which 35 were on the Hap300 chip) in the LD block containing rs7756992 in the Icelandic case-control group (Supplementary Table  5 online). After we adjusted for the observed association of rs7756992, Numbers in parentheses next to population names represent the number of individuals with T2D and controls, respectively. Also shown are the allelic frequency (Frq) and genotype counts in the affected and control individuals, the allelic OR with 95% confidence intervals (c.i.) and two-sided P values based on the multiplicative model. P values based on the multiplicative model. P a For the combined European ancestry groups and the five West African groups, ORs and P values were combined using a Mantel-Haenszel model, and frequency in affected individuals and P values were combined using a Mantel-Haenszel model, and frequency in affected individuals and P controls was estimated as a weighted average over the different study groups. b For rs7756992, the genotype counts are for AA/AG/GG individuals; for rs13266634, the counts are for TT/TC/CC individuals.
none of the other SNPs were significantly associated with T2D. As was the case for rs7756992, the association with T2D for allele C of the nonsynonymous SNP rs13266634 was replicated with significance in two of the five additional groups (from Philadelphia and Hong Kong) ( Table 1) . Even though the OR for Denmark B decreased with the larger sample size, and the estimated effect was in the opposite direction (only slightly, and nonsignificantly) for Denmark A, the combined results from all study groups of European ancestry yielded a P value of 3.3 × 10 P value of 3.3 × 10 P −6 and an OR of 1.15 ( Table 1) .
In the Icelandic study, the observed association to rs7756992 was greater in non-obese individuals with T2D (OR = 1.37 (1.20-1.57); P = 9.0 × 10 −6 ) than in the group of all individuals with T2D (OR = 1.23 (1.10-1.37); P = 0.00021) (Supplementary Table 1 and Table 1) . We also observed a higher OR in non-obese individuals than in obese individuals with T2D for this variant in the other populations studied. For the combined populations of European origin, the OR was 1.24 (1.15-1.33) with P = 3.0 × 10 −8 for the non-obese individuals with T2D compared with OR = 1.14 (1.04-1.25) and P = 0.004 for the obese group.
We saw an even stronger effect in the Hong Kong non-obese T2D group (OR = 1.36 (1.19-1.56); P = 7.48 × 10 −6 ) compared with the obese group (OR = 1.13 (0.98-1.30); P = 0.094). For the Hong Kong group, obesity was defined as a body mass index (BMI) ≥25. Furthermore, examination of the controls showed a very weak, but significant, negative correlation of the variant with BMI, a result that needs further confirmation. Most notably, the combined results indicate that this variant does not confer increased risk of T2D by increasing BMI.
We estimated genotype ORs for each of the two loci ( Table 2) . For the combined study of populations of European descent, the OR for heterozygotes for rs7756992 was 1.15 (1.06-1.24), which is smaller than that predicted by the multiplicative model, compared with an OR of 1.50 (1.31-1.72) for homozygotes, which is larger than that predicted by the multiplicative model. We observed similar results for the Hong Kong samples ( Table 2) . Combining the European and Hong Kong data, we were able to reject the multiplicative model (P = 0.011). A multiplicative model for the genotype relative risk provided an adequate fit for rs13266634.
The function of the gene product of CDKAL1 is unknown. However, the protein product is similar to another protein, CDK5 regulatory subunit-associated protein 1 (encoded by CDK5RAP1). CDK5RAP1 is expressed in neuronal tissues, where it inhibits cyclin-dependent kinase 5 (CDK5) activity by binding to the CDK5 regulatory subunit p35 (ref. 8) . In pancreatic beta cells, CDK5 has been shown to have a role in the loss of beta cell function under glucotoxic conditions 9 . Furthermore, inhibition of the CDK5/p35 complex prevents a decrease of insulin gene expression that results from glucotoxicity 10 . It is tempting to speculate that CDKAL1 may have a role in the inhibition of the CDK5/p35 complex in pancreatic beta cells similar to that of CDK5RAP1 in neuronal tissue. Reduced expression of CDKAL1 or reduced inhibitory function thus could lead to an impaired response to glucotoxicity. , non-obese T2D cases (blue dots) and obese T2D cases (red dots), respectively. -log P is plotted (where P is the adjusted P is the adjusted P P value) P value) P against the chromosomal location of the markers. All four panels use the same horizontal Mb scale indicated at the bottom of d.
In this study, we found that CDKAL1 is expressed in the rat pancreatic beta cell line INS-1 (data not shown). Further studies are needed to determine if the effect of CDKAL1 on risk of T2D is exerted through this pathway.
Based on the predicted function of CDKAL1 and the known function of SLC30A8, we would expect both rs7756992 and rs13266634 to affect insulin secretion. To evaluate the effects of the two SNPs on insulin secretion, we analyzed the effect of genotype status on corrected insulin response (CIR) in a set of individuals from the Inter99 study (part of Denmark B) that had undergone an oral glucose tolerance test. For rs7756992, we found that homozygous carriers of the risk allele had an estimated 22% lower CIR than the noncarriers (P = 3.5 × 10 −9 ). By contrast, heterozygous carriers showed a very small (2%) and nonsignificant (P = 0.23) reduction of CIR compared with noncarriers (Fig. 2) . Testing the null hypothesis of no difference among all three genotypic states against the full model gave a P value of 2.5 × 10 P value of 2.5 × 10 P −8 . Hence, the effect of the variant on CIR is highly significant and is close to recessive. This observation is consistent with the observed effect of the variant in disease risk (that is, the increased risk for the heterozygous carriers is very modest). Furthermore, the effect on CIR was present in both males and females (Fig. 2) and in individuals with T2D as well as controls, and adjusting for BMI status did not affect the results (Supplementary Table  6 online). The effect of rs13266634 on insulin response was smaller but significant, and for this risk variant, the reduction in CIR was consistent with an additive effect. We did not observe any effect on insulin sensitivity for either variant (Supplementary Table 6 ). For both variants, we obtained similar results by measuring insulin response in the form of the insulinogenic index (see Methods).
Based on our data from all five groups of European ancestry for TCF7L2, CDKAL1 and SLC30A8, we found that the TCF7L2 risk variant and the CDKAL1 risk variant were positively correlated within the populations with T2D (P = 0.0057). Given that both have apparently stronger effects for non-obese cases, this suggests that they might work through a similar pathway. However, further investigation is necessary to confirm and understand this apparent correlation. By contrast, the risk conferred by the SLC30A8 variant is consistent with its effects being multiplicative with the joint effects of TCF7L2 and CDKAL1.
Considering that our fast-tracking strategy is not expected to be comprehensive and that the susceptibility variants identified so far for T2D, including the variant in TCF7L2, explain only a small fraction of the familial clustering of the disease, it is expected that there are many more variants with effects similar to those in CDKAL1 and SLC30A8 that have yet to be identified. Still, the identification of CDKAL1 as a susceptibility gene for T2D adds a new piece to the puzzle of how genetic factors predispose to T2D. Although the function of this gene remains to be elucidated, we have shown that a variant within the gene is correlated with insulin secretion. The similarity to CDK5RAP1 further indicates that CDKAL1 may facilitate insulin production under glucotoxic conditions through interaction with CDK5. In conclusion, we have identified a variant in CDKAL1 that predisposes to T2D and that blunts the insulin response in a nearly recessive manner.
METHODS
Icelandic study population. The Icelandic T2D group has been described previously 11 . A total of 1,500 individuals with T2D were recruited for this genomewide association study, which used the Infinium II assay method and the Sentrix HumanHap300 BeadChip (Illumina). Of these, 1,399 were successfully genotyped according to our quality control criteria and were used in the present case controlanalysis; 531 of the genotyped cases were obese (BMI ≥ 30), 700 were non-obese (BMI < 30) and information on BMI was missing for 168 cases. The controls used in this study consisted of 599 controls randomly selected from the Icelandic genealogical database and 4,676 individuals from other ongoing genome-wide association studies at deCODE. Specifically, approximately 1,400 of the controls came from studies on prostate cancer, and about 1,100 came from studies on breast cancer; studies on anxiety, addiction, schizophrenia and infectious diseases provided approximately 500 controls each. The study was approved by the Data Protection Commission of Iceland and the National Bioethics Committee of Iceland. Written informed consent was obtained from all affected individuals and controls.
Other study populations. The Danish female study group of 282 cases and 629 controls, herein termed Denmark A, was selected from the Prospective Epidemiological Risk Factor (PERF) study in Denmark 12 . This is a group of postmenopausal women who took part in various placebo-controlled clinical trials and epidemiological studies at the Center for Clinical and Basic Research. In follow-up examinations of 5,847 women in 2000-2001, we collected medical histories (including type I or type II diabetes), family histories and information on current or previous long-term use of drugs through personal interviews using a preformed questionnaire. If a subject was diagnosed with diabetes of either type I or type II, the date of diagnosis or treatment was also noted. The study was approved by the Ethical Committee of Copenhagen County and was in accordance with the principles of the Helsinki Declaration.
The second Danish study population (Denmark B) of 1,359 individuals with T2D and 4,858 controls with normal glucose tolerance was from the Steno Diabetes Center in Copenhagen (1,016 cases and 374 controls) and from the Inter99 population-based sample of 30-to 60-year-old individuals living in the greater Copenhagen area, sampled at Research Centre for Prevention and Health (343 affected individuals and 4,484 controls) 13 . Diabetes and pre-diabetes were diagnosed according to the 1999 World Health Organization (WHO) criteria. An oral glucose tolerance test was performed on participants in the Inter99 study as described 13 . Informed written consent was obtained from all subjects before participation. The study was approved by the Ethical Committee of Copenhagen County and was in accordance with the principles of the Helsinki Declaration. The Philadelphia study population consisted of 468 individuals with T2D and 1,024 control individuals. The study population was selected from the PENN CATH study, a cross-sectional study of the association of biochemical and genetic factors with coronary atherosclerosis in a study population of consecutive individuals undergoing cardiac catheterization at the University of Pennsylvania Medical Center. T2D was defined as a history of fasting blood glucose ≥ 126 mg dl -1 , 2 h postprandial glucose ≥ 200 mg dl -1 , use of oral hypoglycemic agents or use of insulin and oral hypoglycemic agents in a subject older than 40 years. The University of Pennsylvania Institutional Review Board approved the study protocol, and all subjects gave written informed consent. All affected individuals and controls were of European ancestry. Ethnicity was determined through selfreport and has been validated by genotyping of ethnicity markers 14 .
The Dutch Breda study population consisted of 370 T2D affected individuals and 916 control individuals. The affected individuals were recruited in 1998-1999 in collaboration with the Diabetes Service Breda and 80 general practitioners from the region around Breda. All patients were diagnosed according to WHO criteria (plasma glucose levels >11.1 mmol l -1 or fasting plasma glucose levels ≥7.0 mmol l -1 7.0 mmol l -1 7.0 mmol l ) and underwent clinical and laboratory evaluations for their diabetes at regular 3-month intervals. The Medical Ethics Committee of the University Medical Centre in Utrecht approved the study protocol. All probands gave written informed consent and filled out a questionnaire on clinical data, including any diabetes-related medication as well as height and weight at present and at the age of 20. The controls were healthy Dutch blood bank donors of European origin.
All subjects in the Hong Kong study population were of southern Han Chinese ancestry and resided in Hong Kong. The cases consisted of 1,500 individuals with T2D selected from the Prince of Wales Hospital Diabetes Registry 15 . Of these, 682 had young-onset diabetes (age at diagnosis ≤ 40 years) with a positive family history. An additional 818 cases were randomly selected from the same registry. The controls consisted of 1,000 subjects with normal glucose tolerance (fasting plasma glucose < 6.1 mmol l -1 glucose < 6.1 mmol l -1 glucose < 6.1 mmol l ). Of these, 617 were recruited from members of the general population participating in a community-based cardiovascular risk screening program as well as from hospital staff. In addition, 383 subjects were recruited from a cardiovascular risk screening program for adolescents. Informed consent was obtained for each participating subject. This study was approved by the Clinical Research Ethics Committee of the Chinese University of Hong Kong.
The African study population comes from the Africa America Diabetes Mellitus study, which was originally designed as an affected sibling pair study with enrollment of available spouses as controls. It has since been expanded to include other family members of the affected pairs and population controls. Recruitment strategies and eligibility criteria for the families enrolled in this report have been described previously 16 . This West African case-control series consisted of individuals from the Yoruba (233 affected individuals, 432 controls) and Igbo (237 affected individuals, 276 controls) groups from Nigeria, and from the Akan (257 affected individuals, 248 controls), Ewe (22 affected individuals, 30 controls) and Gaa-Adangbe (123 affected individuals, 141 controls) groups from Ghana. Further characteristics of the seven case-control groups used in this study are shown in Supplementary Table 7 online.
The DNA used for genotyping in all replication study populations was the product of whole-genome amplification (GenomiPhi Amplification kit, Amersham) of DNA isolated from the peripheral blood.
Illumina genome-wide genotyping. All Icelandic case and control samples were assayed with the Infinium HumanHap300 SNP chips (Illumina), containing 317,503 tagging SNPs derived from phase I of the International HapMap project. Of the SNPs assayed on the chip, 4,324 SNPs were excluded because they showed either (i) a call rate lower than 95% in cases or controls; (ii) a minor allele frequency <1% in the population or (iii) significant distortion from HardyWeinberg equilibrium in the controls (P < 0.001). Any samples with yield <98% were excluded from the analysis. Thus, the final analyses presented in the text use 313,179 SNPs.
Single-SNP genotyping. All single-SNP genotyping was carried out at deCODE Genetics on the Centaurus (Nanogen) platform 17 . The quality of each Centaurus SNP assay was evaluated by genotyping each assay in the CEU and/or YRI HapMap samples and comparing the results with the HapMap data. Assays with a mismatch rate >1.5% were not used, and a linkage disequilibrium (LD) test was used for markers known to be in LD.
Association analysis. For association analysis, we used standard likelihood ratio statistics, implemented in NEMO software 18 , to calculate two-sided P values and P values and P allele-specific ORs for each individual allele, assuming a multiplicative model (that is, that the two alleles are independent, or in Hardy-Weinberg-Equilibrium, within the population of affected individuals). This corresponds to a setting where the ratio of the risks for homozygous carriers (AA) and heterozygous carriers (Aa) is the same as the ratio of the risks for heterozygous carriers and noncarriers, or (risk(AA) / risk(Aa)) = (risk(Aa) / risk(aa)). Allelic frequencies, rather than carrier frequencies, are presented for the markers, and P values are P values are P given after adjustment for the relatedness of the subjects. When estimating genotype-specific OR ( Table 2) , we estimated genotype frequencies in the control population assuming HWE after checking that the data were not inconsistent with this assumption.
In general, allele and haplotype frequencies were estimated by maximum likelihood, and tests of differences between cases and controls were performed using a generalized likelihood ratio test 19 . This method is particularly useful in situations where there are some missing genotypes for the marker of interest, and genotypes of another marker that is in strong LD with the marker of interest are used to provide some partial information. This was used in the association tests presented in Supplementary Table 4 to ensure that the comparison of the highly correlated markers was done using the same number of individuals. To handle uncertainties with phase and missing genotypes, maximum likelihood estimates, likelihood ratios and P values are computed directly for the observed P values are computed directly for the observed P data, and hence the loss of information owing to uncertainty in phase and missing genotypes is automatically captured by the likelihood ratios.
Results from multiple case-control groups were combined using a MantelHaenszel model 20 in which the groups were allowed to have different population frequencies for alleles and for genotypes but were assumed to have common relative risks.
For both the CDKAL1 and SLC30A8 variants (rs7756992 and rs13266634), we did not detect any significant differences in frequencies among the disease groups (see description of the Icelandic study population) that make up the Icelandic genome-wide control sets (P = 0.13 and 0.19, respectively).
Correction for relatedness of the subjects and genomic control. Some of the individuals in both the affected and control Icelandic groups are related to each other, causing the χ 2 test statistic to have a mean >1 and median >0.675 2 . We estimated the inflation factor by calculating the average of the 653,025 χ 2 statistics, which was a method of genomic control 5 to adjust for both relatedness and potential population stratification. The inflation factors were estimated as 1.287 for all affected individuals, 1.204 for non-obese affected individuals and 1.184 for obese affected individuals. In addition to estimating the correction factors for the test statistics using the method of genomic control, we also applied a simulation method where genotypes are simulated through the genealogy of 708,683 Icelanders 21 . Specifically, the simulation procedure estimates the correction factor that is required owing to the known relatedness among the study participants. Based on 100,000 simulated data sets, the estimates were 1.211 for all affected individuals, 1.157 for non-obese affected individuals and 1.136 for obese affected individuals. We were not surprised that the correction factors estimated based on genomic control were somewhat larger than those based on simulations through genealogy, but it is comforting to us that the differences were not very substantial. This comparison shows that most of the adjustment was due to the relatedness of the participants; however, the higher estimates from the genomic controls indicate that there is some additional correction (possibly owing to genotyping quality, missing data or population stratification that, although small, is detectable in the Icelandic population) 22 . We do feel that the estimates based on genomic control, when available, are the most appropriate and conservative, and hence we have used that in the presentation in the paper.
Quantitative analysis. Data from oral glucose tolerance tests on individuals from the Danish Inter99 study were used to calculate insulin secretion as corrected insulin response (CIR) using the following equation: (100 × insulin at 30 min) / (glucose at 30 min × (glucose at 30 min -3.89 mmol)) 23, 24 . Insulin sensitivity was estimated as the reciprocal of the insulin resistance according to the homeostasis model assessment (HOMA): 22.5 / (fasting insulin × fasting glucose) 25 . The association between CIR (HOMA) and genotype status was tested using multiple regression, where the log-transformed CIR (HOMA) was taken as the response variable. For the full model, the two explanatory variables were the indicator variables for the heterozygous carriers and the homozygous carriers so that the fitted coefficients corresponded to the estimated effects for each of the two genotypic states relative to the noncarriers. Apart from estimated effects, standard errors and P values calculated for each of the two explanatory variables P values calculated for each of the two explanatory variables P separately, a two-degree of freedom P value based on an P value based on an P F-test was calculated to test the null model (no difference among all three genotypic states) against the full model (Supplementary Table 6 ). We adjusted for sex, age and affection status by including the appropriate terms as explanatory variables. For comparison, insulin secretion was also calculated in the form of the insulinogenic index 24 (insulin at 30 min -insulin at 0 min) / (glucose at 30 min -glucose at 0 min), yielding comparable results.
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